ABSTRACT-
Zingiber cassumunar is a medical ginger that is also used as a spice like turmeric. Cassumunins A and B (1), new complex curcuminoids isolated from the rhizomes of Z. cassumunar, are expected to exert protective actions on living cells suffering from oxidative stress because they were estimated to have antioxidant activity in an ethanol water system using linoleic acid as the substrate for auto oxidation by the TLC method and the thiocyanate method (2) . However, there is no information concerning their protective actions on living cells suffering from the oxidative stress. In this study, we first examined the effects of cassumunins A and B on living cells under oxi dative stress induced by hydrogen peroxide (H202) by using a flow cytometer and ethidium bromide (3) (4) (5) to determine if they exert protective actions on living cells. Secondly, we have compared the potencies of cassumu nins in protecting the cells against the oxidative stress with that of curcumin because curcumin, a compound abun dant in ginger rhizomes, is known to have antioxidant activity (6, 7) and its chemical structure is contained in those of cassumunins A and B (see Fig. 1 ). Furthermore, to characterize the protective actions of cassumunins, we have also compared the actions of cassumunins on living cells under oxidative stress with those of deferoxamine, ebselen and dimethyl sulfoxide.
MATERIALS AND METHODS

Preparation
Experiments were performed on thymocytes dissoci ated from thymus glands of 4-week-old Wistar rats (Nissin, Tokushima). Thymocytes were chosen for the ex periments for the following reasons. First, the cells can be dissociated without the treatment with proteolytic en zymes that may compromise the membranes of some cells during digestion. Cell viability of dissociated thymocytes was greater than 90% under the control condition. Sec ond, thymocytes are suitable for flow cytometric analysis because of their spherical shape, size and homogeneity. The technique for dissociation of rat thymocytes was similar to that previously described (3). In brief, thymus glands dissected from the rats were sliced at a thickness of 400 to 500 ,um. Thereafter, the slices were gently tritu rated in chilled Tyrode's solution to dissociate single thy mocytes. Tyrode's solution containing dissociated thymo cytes was passed through a mesh (a diameter of 53 pm) to remove residues.
Fluorescence measurements and analysis
To estimate the viability of thymocytes in the cell sus pension, ethidium bromide (Katayama Chemical Indus tries, Osaka) was used. Ethidium bromide was added into the cell suspension to achieve a final concentration of 10 pM. Ethidium, which is highly impermeant to intact membrane, can not stain live cells while it can stain dead or damaged thymocytes because of their compromised membranes (3, 4, 8) . Therefore, the measurement of ethidium fluorescence from thymocytes provides a clue to estimate the viability of thymocytes in the cell suspension.
Fluorescence from thymocytes incubated with ethidium bromide was measured at 2 3 min after the dye applica tion because ethidium slightly stained some of live cells during a prolonged exposure and 2-3 min was enough time to stain dead cells. Measurement of ethidium fluorescence from thymocytes was made by a flow cyto meter (Cyto ACE-150; Japan Spectroscopic Co., Tokyo). The excitation wavelength for ethidium was 488 nm produced by an argon laser. Emission was detected at the wavelength of 600±20 nm. The fluorescence histogram obtained from a programmed number of thymocytes was analyzed by using software (Jasco Ver.3XX, Japan Spec troscopic Co.) and a personal computer (PC-9801RX; NEC, Tokyo). Statistical analysis was performed with two sample t-tests. A P value of <0.05 was considered significant.
To 2',7'-Dichlorofluorescin diacetate (DCFH-DA; Molecular Probe Inc., Eugene, OR, USA) was used to estimate the cellular status of oxidation by H202. DCFH-DA is hydrolyzed to DCFH by cellular esterases. DCFH is oxidized by H202 to 2',7'-dichlorofluorescin (DCF), a fluorescent form. DCF fluorescence was measured at least 60 min after application of 100 pM DCFH-DA. Measure ments of fluo-3 and DCF fluorescences from thymocytes was made by a flow cytometer (Cyto ACE-150). The exci tation wavelength for ethidium was 488 nm produced by an argon laser. Emission was detected at the wavelength of 530±20 nm. 
RESULTS
Permeation of cassumunins A and B into living cells
Both cassumunins A and B stained thymocytes, result ing in increased intensities of cell fluorescences. As shown in Fig. 2 , the intensities of fluorescences in thymocytes treated respectively with cassumunins A and B time dependently increased, suggesting the time-dependent increases in cellular concentrations of the agents. The in tensities of fluorescences seemed to reach the respective steady-state levels within 45 to 60 min after the start of application. Therefore, in order to ensure dose-depend ent effects of the agents, the treatment of thymocytes with cassumunin A or cassumunin B started at 60 min be fore the challenge of oxidative stress. Since maximum in tensities of fluorescences recorded from the cells treated respectively with cassumunins A and B were much lower than that of ethidium fluorescence, which was used for detecting dead cells and cells having compromised mem branes, in the following experiments, the fluorescences of cassumunins A and B did not affect any measurements of ethidium fluorescence. 
Effect of H202 on cell viability of thymocytes
Effect of H202 at concentration of 1, 3 and 10 mM on thymocytes was examined (Fig. 3 ). Thymocytes were tolerant to the oxidative stress induced by 1 mM H202 during a period of 3 hr after adding H202 into cell sus pension (Fig. 3) . However, it was likely that H202 at 3 to 10 mM was lethal for thymocytes during exposure lasting for 2 hr or longer (3, 4) since the prolonged exposure of thymocytes to 3 mM or 10 mM H202 produced a time dependent increase in the number of thymocytes stained with ethidium, indicating a time-dependent decrease in the number of intact cells (Figs. 3 and 4) . The time dependent change in the cell viability (or the population of cells without ethidium fluorescence) in the presence of 10 mM H202 was more rapid than that in the presence of 3 mM H202 (Fig. 4) . Therefore, the effects of agents used in this study were examined on the cells under oxidative stress induced by 3 mM H202 to make certain that we test the effects of the agents applied at 1 hr after the start of oxidative stress on the cell viability.
Dose-dependent effects of cassumunins A and B on H202-induced decrease in cell viability
Cassumunins A and B were respectively applied to the cell suspension containing thymocytes at 1 hr before the start of oxidative stress induced by H202. Effects of cas sumunins A and B on the cell viability were examined at 3 hr after the start of oxidative stress. As shown in Fig. 5 , the pretreatment of 3 ,uM cassumunin A seemed to greatly increase the survival of the cells even at 3 hr after the start of oxidative stress because the H202-induced increase in the number of cells stained with ethidium was greatly suppressed in the presence of cassumunin A. Effects of cassumunins A and B on the time-dependent changes in the H202-induced decrease in cell viability (H202-induced increase in number of thymocytes stained with ethidium) are summarized in Fig. 6 . Values on the ordinate are relative to the control (as indicated with a dotted line) just before the start of oxidative stress (at 0 hr on the abscissa). Asterisks indicate significant differences between groups subjected from oxidative stress with and without the respective pretreatments with cassumunins A and B (**P<0.005, ***P <0.001). cation, suggesting that curcumin was cytotoxic. There fore, the dose-dependent effects of these agents on the cells subjected to H202-induced oxidative stress were ex amined at concentrations ranging from 30 nM to 3 pM (Fig. 7) . The threshold concentration of cassumunins A and B for protective action on the cells was 100 nM. In creasing concentrations (up to 3 pM) of the respective cassumunin dose-dependently prevented the decrease in cell viability. Cassumunins A and B at concentrations of 1 and 3 pM almost completely blocked the H202-induced decrease in cell viability. Pretreatment with curcumin at concentrations ranging from 100 nM to 3 pM also dose-dependently prevented the H202-induced decrease in the cell viability. Results are summarized in Fig. 7 .
Time-dependent effects of new curcuminoids on H202 induced decrease in cell viability of thymocytes It is very important to see if the treatments of thymo cytes with cassumunins after the start of oxidative stress are also effective in protecting the cells. We have exam ined the effects of cassumunins A and B, respectively, applied at 1 hr before, immediately after and 1 hr after adding 3 mM H202. The concentration of cassumunins A and B was 3 pM because the cassumunins at this concen tration applied at 1 hr before the start of oxidative stress almost completely suppressed the cell death induced by 3 mM H202. Their effects on the cell viability were exam ined at 3 hr after the start of oxidative stress. Although cassumunins A and B respectively applied after applying H202 were also effective in protecting the cells against oxi dative stress, the protective actions of cassumunins A and B applied after the start of oxidative stress were less potent than those in the case of pretreatment.
Results are summarized in Fig. 8 . Fig. 8 . Effects of cassumunins A and B applied immediately after and at 1 hr after the start of oxidative stress on the cell vialibility of thymocytes. The concentration of each cassumunin was 3 pM. Each column and bar show the average and S .D. of 4 to 6 experiments, respectively. Asterisks indicate significant differences between groups subjected to oxidative stress with and without the respective treatments with cassumunins A and B (*P<0.01, ***P<0.001).
Effects of cassumunins A and B on H202-induced changes in 2, 7'-dichlorofluorescin and fluo-3 fluorescences To characterize the protective actions of cassumunins A and B on the cells with H202-induced oxidative stress, the effects of cassumunins on H202-induced changes in DCF and fluo-3 fluorescences of the cells were deter mined for a number of reasons. First, the intensity of DCF fluorescence reflects the oxidation of intracellular DCFH (a reduced form of DCF) by applied H202. Therefore, if cassumunins directly affect H202 or inhibit the oxidation of cellular DCFH by H202, the intensity of DCF fluorescence in the presence of cassumunins should be lower than that in the absence of cassumunins. However, H202-induced increase in the intensity of DCF fluorescence in the presence of cassumunins was similar to that in the absence of cassumunins (Fig. 9) . Cassumunins were applied to the cells at 1 hr before the start of H202-induced oxidative stress. Effects were examined at 2 hr after the start of oxidative stress. Fig. 10 . Comparison of the protective actions of deferoxamine, ebselen and dimethyl sulfoxide (DMSO) on the thymocytes subject ed to the oxidative stress induced by 3 mM H202. Test agents were applied to the cells at 1 hr before the start of H202-induced oxidative stress. Effects were examined at 3 hr after the start of oxidative stress. Each column and bar show the average and S.D. of 4 to 6 experiments, respectively. Asterisks indicate significant differences between H202-subjected groups with and without the respective pretreatments with test agents (**P < 0.005, ***P < 0.001).
DISCUSSION
Curcumin, whose chemical structure is included in those of cassumunins A and B (Fig. 1) , has been known to exert inhibitory actions on lipid peroxidation and DNA damage induced by reactive oxygen species (9) (10) (11) (12) (13) . In this study, the treatment with curcumin at concentrations ranging from 300 nM to 3 pM significantly prevented thymocytes from cell death or injury caused by H202 induced oxidative stress (Fig. 7) . However, curcumin at concentrations of 10 pM or greater was cytotoxic to thymocytes, while cassumunins A and B were not. Furthermore, the potency of curcumin in protecting the cells against the oxidative stress induced by H202 seemed to be less than those of cassumunins A and B (Fig. 7) .
The respective pretreatments of thymocytes with cas sumunins A and B exerted potent protective actions on living cells with oxidative stress (Fig. 7) . Cassumunins A and B at micromolar concentrations (1 and 3 pM) almost completely suppressed the H202-induced decrease in cell viability (Figs. 6 and 7) . Furthermore, cassumunins A and B applied immediately after or 1 hr after the start of oxidative stress were also effective in the prevention of H202-induced decrease in the cell viability (Fig. 8) . This is important because of their clinical applications. The peroxidation reactions induced by reactive oxygen species are involved in many pathological events (14) . Since the compounds possessing antioxidant actions are expected to be useful for prevention or treatment of diseases resulting from such pathological events, cassumunins A and B may possess considerable potential because of their protections of living cells subjected to oxidative stress (Figs. 6, 7 and 8) .
The mechanism for the protective actions of cassumu nins A and B on the cells with oxidative stress induced by H202 was not elucidated in this study. However, it was unlikely that cassumunins A and B directly affected H202 because H202 oxidized cellular DCFH, resulting in an increased intensity of DCF fluorescence, even in the presence of cassumunins (Fig. 9) . Cassumunins A and B have been proven to possess activity aganist the oxidation of linoleic acid in chemical assays (2) . Other natural cur cuminoids have been reported to inhibit nitrite-induced oxidation of hemoglobin (15), copper-mediated oxidation of low density lipoprotein (16), iron-induced lipid peroxi dation (17) and H202-induced hemolysis of erythrocytes (18) . Since deferoxamine, a chelator for iron ion, greatly attenuated the H202-induced decrease in the cell viability (Fig. 10) , hydroxyl radical may be involved in cell death or cell injury induced by H202 in this preparation. There fore, it may be plausible that cassumunins A and B in hibit the lipid peroxidation of membranes in living cells. However, as shown in Figs. 3 and 9 , the application of 3 mM H202 to the cells also increases [Ca 2+], (4) . The sus tained increase in [Ca 2+1, is one of common features in the processes leading to cell death and cell injury (19) (20) (21) (22) (23) (24) (25) . Although cassumunins A and B did not inhibit the H202 induced increase in [Ca2+], of thymocytes (Fig. 9) , one can not neglect the possibility that cassumunins A and B block the processes after H202-induced increase in
[Ca 2+],. We have proposed that an increased [Ca 2+]i induces the formation of reactive oxygen species (5). Therefore, cassumunins A and B would exert the protec tive actions if it is true for the preparation used in this study.
